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UIE ÏTFECT OF SURFACE CONDITIONS IN TÆ INFERIOR 0I> A DISCHARGE 
TUBE ON IHE CONTINUOUS SPECIRUK OF HYDROGEN
INTRODUCTION
Ob s e r ra  t i  on of the  extrem e u l t r a v i o l e t  em ission spectrum  o f the  
hydrogen m olecule i n  the  second o rder o f a d i f f r a c t io n  spectrum  have been 
hampered by the  contlnuoue spectrum  o f th e  i^rdrogen molecule* This con­
tinuous spectrum  i s  due to  e le c tro n  t r a n s i t io n s  between two of the  
" t r i p l e t "  s t a te s  o f the  hydrogen m olecu le . When th is  t r a n s i t io n  occurs 
the  atoms r e p e l  each o th e r  and the m olecule d is s o c ia te s  upon em ission 
o f a photon* Since two atoms can d is s o c ia te  w ith  a continuous range 
o f k in e t ic  e n e rg ie s , a continuous spectrum  re s u l ts *
H* H* Byman^ suggested  th i s  con tinuous spectrum m ight be suppressed 
in  a d isch a rg e  tube by in c re a s in g  th e  i n t e r i o r  su rfa ce  a re a  of the tube* 
This means th e re  should  be few er m olecules to  em it the " t r i p l e t "  bands* 
Hyman f u r th e r  suggested  g rin d in g  the  I n t e r io r  o f a d isch arg e  tube w ith  
carborundum as a  method o f in c re a s in g  th e  su rfa c e  area# O thers have den ied  
th e  g rin d in g  would suppre&a the con tinuous spectrum  d esc rib ed  above*
This th e s is  i s  concerned only^ w ith  th e  sup p ress io n  j f  the  continuous 
spectrum  o f  hydrogen by in c re a s in g  the i n t e r i o r  su rfa c e  a rea  of a d isch arg e  
tube* No a ttem p t i s  made to  e x p la in  why the  r e s u l t s  ob ta ined  occur*
^H* H* Hyman, "The Resonance (B-A) Band System o f the  Hydrogen 
M olecule," P h y s ica l Review, 36 :187 , 1930.
APPARATUS AÎID EX PER BE J.T AL PROCEDURES
The S pectrograph
The sp ec tro g rap h  (F ig . 1) was designed by D r. C. RuXon Jeppeaen and 
b u i l t  in  th e  shop o f th e  U n iv e rs i ty  o f C a lifo rn ia  Physics Departigent. The 
mounting i s  a m o d if ica tio n  of th e  Paschen-Runge ty p e . Or. Jeppesen  
designed a screw  ad justm en t which moves th e  g ra tin g  back and f o r th  along 
a l in e  p e rp e n d icu la r  to  i t s  su rfa c e  f o r  the  purpose o f convenien t fo cu s­
in g . The g r a t in g ,  s l i t ,  and f i lm  h o ld e r ( in s id e  removable f r o n t  p la te )  
a re  a l l  p laced  on th e  Rowland c i r c l e .  The la rg e  b ra ss  tu b e  in  F ig . 1 
enc lo ses  th e  g ra tin g  and f ilm h o ld e r  and i s  about 12 .5  cen tim e te rs  in
d iam eter and about 50 c en tim e te rs  lo n g . Both ends of th e  tube a re  f i t t e d
w ith  removable co v e rs , made vacuum t i g h t  w ith  ru b b er g a sk e ts . The sp e c tro ­
graph i s  evacuated  th rough  the  tap e  covered g la s s  tu b in g  connected to  the  
mercury d i f fu s io n  puiq) as shown in  F ig . 2 .
One end o f th e  f i lm  can be brought in to  focus by th e  use  o f v i s ib le
l i g h t  r e f le c t in g  to  the  c e n t r a l  image and exposing an o rd in a ry  f i lm  s t r i p .
Since a i r  absorbs l i g h t  in  th e  u l t r a - v i o l e t  r a th e r  s tro n g ly  below 1900A^, 
a h igh  v o lta g e  d isch arg e  between copper penn ies was used to  expose the 
o th e r  end of th e  f i lm  w ithou t e v acu a tin g  th e  system . This l a t t e r  o p e ra tio n  
used f i lm  s e n s i t iv e  t o  th e  u l t r a - v i o l e t .  Numerous exposures were taken  
f o r  each end o f th e  spectrogram  to  f in d  th e  optimum s e t t in g  fo r  th e  screw 
ad justm ent d e sc rib e d  above.
% erh a rd  H ertsb erg , Atomic S p ec tra  and Atomic S t ru c tu re . (New York: 
Dover P u b lic a tio n s , 19ÛÛ), p . 2 .
When o p e ra tin g  th e  vacuum ayatem th e  f i lm  h o ld e r may be moved up 
and down by an a d ju s tin g  mechanism, a tap e red  b ra ss  c y lin d e r  se a le d  and 
lu b r ic a te d  w ith  stopcock grease* The a d ju s tin g  mechanism i s  th e  v e r t i c a l  
tu b in g  on the  f r o n t  o f th e  sp ec tro g rap h  shown in  F ig . 2 . A v e rn ie r  sc a le  
makes i t  p o s s ib le  to  p lace  f i lm  in  p roper p o s i t io n  f o r  each exposure.
F ive o r s ix  expom ires a re  p o s s ib le  on one film *
The s l i t  o f th e  spectrog raph  i s  a d ju s te d  by tu rn in g  a sm all o f f s e t  
screw which moves th e  l e f t  jaw . I f  a l i g h t  bu lb  i s  p laced  in  f r o n t  of an 
opening (c lo sed  in  o p e ra tio n ) a t  the  g ra tin g  end of th e  sp ec tro g rap h , 
th e  s l i t  w idth  may be determ ined by eye w ith  th e  a id  of a sm all liiX 
magnifying g la s s .
The G rating
A concave, f l i n t  g la s s  g ra tin g  ru le d  w ith  11,600 l in e s  per c e n t i ­
m eter a t  Johns Hopkins D D iv ers ity  was employed in  th i s  experim ent. I t  
has a ra d iu s  o f c u rv a tu re  o f L2 cen tim e te rs  which g ives a d isp e rs io n  
of about 20 Angstroms p e r  m illim e te r  w ith  a probab le  e r r o r  o f 0 .05  
Angstrom and i s  mounted a t  alm ost normal in c id e n c e . In  t h i s  experim ent 
th e  mounting was ro ta te d  s l ig h tly *
The Vacuum System
A mercury d if fu s io n  pump was connected in  s e r ie s  w ith  a Cenco- 
Hyvac m echanical o i l  pump. The p re s su re  in s id e  th e  d isch arg e  tube  was 
reg u la te d  by a stopcock on th e  hydrogen gas i n l e t .  A KcLeod gauge was 
connected to  th e  sp ec tro g rap h  b u t was n o t used f o r  measurements as the  
sp ec tro g rap h  and tu b e  p re s su re s  were d i f f e r e n t .  T his d if fe re n c e  was 
caused by ev acuating  th e  tube  th rough  th e  sm all s l i t .
f r e s s a r e  In a ld e  th e  d isch arg e  tu b e  was e s tim a te d  hy D r. Jeppesee? 
t o  he abou t 1 mm o f Hg. P re ssu re  In s id e  th e  sp ec tro g rap h  was much 
lo w er.
% e mercury d i f f u s io n  pump o p era ted  ty  mean s of th e  vapor which 
i s  form ed when th e  m ercury i s  h ea ted  by a  Buz»en b u rn e r . Gas being  
evacuated  from  th e  s p e c tro g ra i^  i s  passed  by d if fu s io n  in to  th e  b la s t  
o f  th e  m ercury vapor j e t  downward to  an o u t le t  th rough  th e  m echanical 
pump to  the  atm osphere. The m ercur) i s  condensed In  a  w ater J a c k e t  and 
re tu rn e d  to  th e  r e s e r v o i r  t o  be h ea ted  agdn. To p rev e n t any mercury 
vapor from  e n te r in g  th e  spectrografA * a  d ry  ic e  mercury t r a p  was p laced  
between th e  d i f f u s io n  pump and th e  sp e c tro g rap h . T h is  type  o f  pusp i s  
v e ry  f a s t  i n  a c t io n  and has no th e o r e t i c a l  p re s su re  l im i t ,  ̂
Tba P c w r  Suptay
The h igh  p o te n t i a l  necessary  to  o p e ra te  th e  d isch arg e  tube  was 
o b ta in ed  w ith  a  s in g le  phase 50/60 cyc le  tran sfo rm e r o p e ra ted  w ith  a  
prim ary  e*m ,f, o f  115 v o l t s .  The secondary c i r c u i t  su p p lied  6200 v o l t s  
and a  maximum o f 81 m lllam peres. A s e r i e s  r e s is ta n c e  was used  w ith  th e  
prim ary  to  v a ry  th e  c u rre n t  from 10 to  50 m illiam peres i n  th e  secondary, 
The c u r re n t  was measured w ith  a  m illiam m eter. The h igh  v o lta g e  source 
may be seen i n  f i g .  1«
3
C« Eulon Jeppesen* P r iv a te  C om m m icatiw ,
laiwood* H irh Vacuum TBchnlgue.  (second e d i t io n j  fiev T orki John 
V lle y  and Sons* lÿSu) (As determ ined  by vapor p re s su re  o f  mercury)
P re p a ra tio n  and Development o f Film  S e n g ltiv e  in  the  Extreme U l t r a v io le t  
To o b ta in  a f i lm  a e n s i t iv e  to  th e  extreme u l t r a v i o l e t ,  C o n tra s t 
P rocess Ortho f i lm  v as c le a re d , f ix e d  i n  hypo, hardened and r in s e d .  T h is 
f i lm  vas th e n  coated  v i th  th e  Schumann p re p a ra tio n  described  by J .  J .  
H opfield  and E . T# S . AppXeyard.^ The moat s a t i s f a c to r y  r e s u l t s  were 
o b ta ined  by pouring  th e  l iq u id  em ulsion in to  th e  devar f l a s k  a t  a 
tem perature  o f 5 2 and allow ing th e  m aturing p rocess to  con tinue  f o r  
n o t more th an  f i f t y  m inutes in c lu d in g  the  tim e i t  took  f o r  th e  tem pera tu re  
to  drop to  52% b e fo re  th e  s o lu t io n  was sea led  in  a dewar f l a s k .  The only  
d i f f i c u l t y  encountered  was the  sp read ing  o f th e  em ulsion because o f the  
tendency o f th e  f i lm  to  c u r l .
A s o lu t io n  o f Kodak D ektol Developer in  p ro p o rtio n s  o f one p a r t  
s to ck  s o lu t io n  to  s ix  p a r ts  w ater was used t o  develops f i lm s .  Although 
th e  develop ing  tim e decreased  as age and s e n s i t iv i t y  o f th e  f i lm  in c re a se d , 
th e  develop ing  tim e was u s u a l ly  l e s s  th a n  one m inute. The f ilm  was de­
veloped hy  s ig h t#
P re p a ra tio n  f o r  Exposure
With f i lm  in  d ischarge  tube  in  p la c e , th e  system  was evacuated .
The f ilm h o ld e r  was l i f t e d  u n t i l  i t  was sh ie ld ed  from the  g ra tin g  to  
p rev en t exposure w hile  th e  tube  was warming u p . P ressu re  in s id e  the 
tube was re g u la te d  w ith  a stopcock on th e  p re ssu re  reducing  a p ia ra tu s .
By w atching the  m otion o f th e  s t r i a t i o n s  o f  th e  d isch arg e  in  th e  s e le c to r  
tube i t  was p o s s ib le  to  t e l l  when p ressu re  was in c re a s in g  o r d e c rea s in g .
J .  H opfield  and E. T . S . A ppleyard, ”Sii!ç>llfied Method of P reparing  
Schumann Plates,** Jo u rn a l f  th e  O p tica l S o c ie ty  o f America, 22:li88-U95, 
Septem ber, 1932,
Whan th e y  appeared to  move toward the e l l t  th e  p re ssu re  was decreasing*  
O pposite ap p aren t m otion In d ica te d  th e  p re ssu re  was In c re a s in g . To keep 
an e s tim a ted  1 mm o f Hg o f p re ssu re  in  th e  tu b e , a s e p a ra tio n  of s t r i a t i o n s  
o f about 3 mm was n e ce ssa ry . D i f f ic u l ty  in  observ ing  s t r i a t i o n s  was 
experienced  when g la s s  wool was p laced  in  th e  s e le c to r  tube  f o r  th e  l a s t  
two spectrog ram s. The d isch arg e  was allowed to  proceed u n t i l  th e  tube 
was h o t and f lu sh e d  ou t w ith  hydrogen gas* T his o p e ra tio n  took about 
5 m inu tes. The d isch arg e  was then  stopped and the  f i lm  moved in to  p lace  
f o r  the f i r s t  exposure .
Before a d isch arg e  tube was f i t t e d  in  p lace  on th e  sp ec tro g rap h , 
the s l i t  was c leaned  w ith  a s o f t  wood s p l i n t e r .  T h is helped to  m ain tain  
as c o n s ta n t a s l i t  w id th  a s  p o s s ib le .  This freqpient c lean in g  o f the  
s l i t  was necessary  because th e  s e le c to r  tube  concen tra ted  the  d ischarge  
q u ite  c lo se  to  th e  s l i t .  The s l i t  jaw s were honed w ith  a smooth le a th e r  
s t r a p  b e fo re  the  group o f the  spectrogram s were made.
The D ischarge Tubes
Two d isch a rg e  tu b es (F ig . 5) made of Pyrex g la s s  were p repared  f o r  
com parison p u rp o ses . The p la in  tube (F ig . 3) had a b rass  c y lin d e r  f i t t e d  
in to  one end o f i t ,  se a le d  to  th e  g la s s  w ith  red  s e a lin g  wax. T h is b rass  
f i t t i n g  was machined to  f i t  over the  s l i t  a ttachm ent on the  sp ec tro g rap h , 
th e  connec tion  made vacuum t i g h t  w ith  heavy stopcock g re a se . As seen  in  
F ig . 3 th e  low er s e c t io n  of the  tube con tained  a c e n t r a l ly  lo ca ted  
s e le c to r  tube o f about $ mm in  d iam ete r. T his in n e r  tube brought th e  
d isch arg e  v e ry  near th e  s l i t  and served  " to  in su re  the  f u l l  su rfa ce  of 
the  g ra t in g  being  illu m in a te d  a s  w ell as to  reduce ab so rp tio n  in  th e
d iacharga  tube  I t s e l f  E le c tro d es  o f the  d isch a rg e  tube were made o f 
ro l le d  alum imm  sh e e t m eta l (aluminum has com paratively  l i t t l e  tendency 
to  s p u t t e r ) , and te rm in a ls  sea led  in  g la s s  were o f tu n g s ten  w ire . The 
hydrogen gas i n l e t  w ith  sm all stopcock was sea led  to  e le c tro d e  tu b in g  
f u r th e s t  from  s l i t .
A second d isch arg e  tube (F ig . I4.) was made s im ila r  to  the  f i r s t .
The i n t e r io r  g la s s  was ground w ith  carborundum befo re  the tube was 
s e a le d . I t  was necessa ry  to  m elt some o f the  g la s s  to  make the  s e a ls  
vacuum t i g h t .  W ith excep tion  of th ese  sm all areas> a l l  in n e r su rfa ce s  
of the d isch arg e  tube were ground.
I t  may be noted here  the  tube became weak as g rind ing  caused s t r e s s e s  
in  the  g la s s .  Minor c rack s occured in  the g la s s  in  th e  f i r s t  few days of 
u se . The c racks d id  no t n e c e s s a r ily  occur where s t r e s s e s  might have been 
s e t  up by la c k  o f p roper annea ling  in  th e  c o n s tru c tio n  of the  tu b e . 
O peration
Since th e  con tinuous spectrum  in  the  second o rder was to  be observed 
th e  g ra tin g  was ro ta te d  s l i g h t l y  by Dr. Jeppeaen . T his r o ta t io n  prevented 
fo cu s in g  o f bo th  ends o f th e  spectrogram  a t  the  same tim e , however the  
second o rd er spectrum  was focused as w e ll as p o s s ib le  fo r  th e  g en era l a rea  
observed .
Spectrogram s were made by exposing f i lm  to  d isch arg es of f i r s t  
th e  ground tube and th en  th e  p la in  tu b e , th e  s l i t  being cleaned between 
ex p o su res . The nex t spectrogram s were made by re v e rs in g  the  above p rocedure .
4 ) .  Hulon Jep p esen , "The Em ission o f K o lecu lar hydrogen in  th e  
Extreme U ltrav io le t,* »  P h y s ica l Review, W43I 6 7 , 1933•
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Some o f th e  epeotrot^rame a re  compariaone o f a s in g le  d isch a rg e  of each 
tAibe* and o th e rs  compare two aiucceeslve d isc h a rg e s  of each  tube* This 
r e v e r s a l  o f p rocedures appears to  In d ic a te  t h a t  th e  v a r ia t io n  of s l i t  
w id th  due to  fo u lin g  tgr the d isch arg e  makes l i t t l e  d if fe re n c e  to  th e  
r e s u l ts *
I t  i s  w e ll known t h a t  c u rre n t  d e n s ity  p lay s  a p a r t  in  th e  in te n s i ty  
of th e  con tinuous spectrum  of hydrogen* In  making th e  enclosed  sp e c tro ­
grams, th e  c u rre n t  was v a rie d  from te n  m illiam peres to  f i f t y  m lH lam peres * 
S im ila r  v a r ia t io n s  in  procedure as d esc rib ed  above were c a r r ie d  o u t .
Dr* Condon? has po in ted  o u t th a t  the  g rin d in g  of the  tube may pro­
v id e  an a p p re c ia b ly  la r g e r  number o f m agnetic iro n  atoms in  th e  Pyrex 
g la s s  which may enhance the  recom bination  of the  hydrogen m olecules in to  
" s in g le t^  s t a t e s  which produce th e  d is c o n tim o u s  spectrum . Spectrogram s 
IX and X were made w ith  th e  p la in  tube w ith  a sm all amount o f s o f t  g la ss  
wool p laced  i n  s e le c to r  tube* Although only  two spectrogram s were made, 
i t  would seem the  r e s u l t s  ob tained  i s  s im ila r  to  th o se  of ground Pyrex 
g lass*  F u rth e r  in v e s t ig a t io n  w ith  o th e r  types of g la s s  and methods of 
ex tend ing  c o n ta c t a re a s  i s  necessary  to  v e r i fy  th is*
Spectrogram s
The spectrogram s a re  l i s t e d  in  o rd e r in  which th ey  were made. A ll 
show th e  second o rd e r o f th e  spectrum  or th e  r ig h t  and n e a r ly  a l l  show the  
f i r s t  few l in e s  o f th e  f i r s t  o rd e r spectrum  on the l e f t .  Spectrogram  IT
?Dr* Edward b * Condon, in  a conversa tion*
shows BBich o f th e  f i r s t  o rd e r Spectrum as v e i l  a s  th e  secoM  o rd e r . 
Spectrogram s IX and X show on ly  p e r t  o f th e  second o rd er spectrum . The 
f i r s t  and second Lyman l in e s  o f th e  hydrogen atom a re  in d ic a te d  in  th e  
second o rd e r spectrum .
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Figure  1
The S pec trog raph , P ressu re  Reducer, and T ransform er
T
1
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Figure 3
The P lain  Discharge Tube
i
Figure k
Tbe Ground Diacharge Tube
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Figur« 5
Both Discharge Tubes
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F igure  6 Speotrogram  I  
The two to p  exposure8 made w ith  ground tu b e , bottom exposure p la in  tu b e . 
Exposure tim e 20 m inu tes. C u rren t 16 M illiam peres.
  L l   _________
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O '
Figure  7 Spectrogram  I I  
The two to p  eiqw eurea made w ith  p la in  tu b e , the  two bottom  eiqposures 
w ith  ground tu b e . Exposure tim e: 20 minutes* C urren ts 16 ma*
I r i  (''
Figure 8 Spectrogram I I I
Top esqposure made with ground tube^ bottom with p la in  tube.
Exposure tim e: 20 minutes. Current: 16 milliam peres.
K
Figura 9 Spectrogram IV
The two top eacpoffurea made with p la in  tube, the two bottom with ground
tube* Exposure time ; 20 minutes* Currents 16 m illiamperes.
Figure 10 Spectrogram V
The two top  expoeuree made with ground tube, two bottom ty  the p la in
tube . EKpoaure time: 15 minutes* Current: 16 m illiam peres.
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Figure  11 Spectrogram  VI 
The two top  exposures made w ith  p la in  tu b e , bottom two ground tu b e .
Exposure tim e s : about 1$ m inutes. C urren t f o r  #1 and #3: 19 m illiam p ere s .
The c u rre n t  f o r  #2 and li& m illiam p eres.
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F igure 12 Spectrogram  V II 
A ll exposures made w ith  ground tu b e . Top exposure had an exposure 
tim e of 20 minutes* c u rre n t  10 m illiam p eres. Middle exposure has 
an  exposure tim e 7 minutes* c u rre n t  UO m illiam p eres. The ho t ton 
exposure tim e 5 minutes* c u rre n t 50 m illiam p ere s .
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Figur® 13 Spectrogram  VIXI 
A ll exposures made v i th  p la in  tu b e . The to p  20 minute exposure, 
c u rre n t  o f 10 m illiam p eres. The njiddle exposed 5 m inutes, c u rre n t  
o f 5 0  ma. Bott(xm exposed U m inutes, c u rre n t 50 ma.
G
F igure  m  Spectrogram  IX 
Both exposures made w ith  p la in  tube* Exposure tim e f o r  both  10 m inu tes. 
C urren t f o r  bo th  25 me. B otton exposure made w ith  sm all amount of g la s s  
wool in  s e le c to r  tu b e . A s l i g h t  amount o f shading  o f s l i t  i s  n o tic ea b le .
Il H I
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F igure  15 Spectrogram  X 
Both exposures made w ith  p la in  tu b e . Expo eu re  tiroe 15 m im tea  f o r  b o th . 
C urren t 25 ma. f o r  b o th . Top exposure made w ith  a sm all p iece  o f s o f t  
g la s s  wool in  s e le c to r  tu b e . Bottom an o rd in a ry  d isch arg e  w ithou t g la s s  
w ool. In  t h i s  spectrogram  procedure of Spectrogram  IX was re v e rse d .
coæirsioK
A eonqïarison o f th a  spectrogram s enclosed  appears to  In d ic a te  a 
su p p re ss io n  o f  th e  con tinuous spectrum  of th e  hydrogen m olecule. T his 
suppression*  r e l a t iv e  to  the  d isco n tin u o u s spectrum* a p p aren tly  in d ic a te s  
th e  recom bination  of atoms on extended a re a s  occurs p r e f e r e n t ia l ly  in to  
the  w ginglet" s ta te s *  T his means* presumably* th a t  in  th e  extended area  
tu b e s  th e re  i s  a preponderance of m olecules of "o rtho  hydrogen" and 
r e l a t i v e ly  f e e  m olecules o f "para hydrogen."
The ap p aren t s im ila r  r e s u l t s  shoim by spectrogram s IX and X w ith  
r e s p e c t  t o  th e  o th e rs  seems to  in d ic a te  th e  extended a rea  may be a t  
p la c e s  o th e r  th an  on tbiè w a lls  o f th e  tu b e .
T es ts  o f the  v a l id i ty  o f method by a l te rn a t in g  th e  o rd e r in  which 
spectrogram s were made and a v a r ia t io n  o f c u rre n t  d e n s ity  were c a r r ie d  
ou t a s  d e sc rib ed  on page 8 . The v a r ia t io n  o f s l i t  w idth due to  fo u lin g  
o f th e  s l i t  by th e  d isch arg e  appears to  p lay  l i t t l e  p a r t  in  the  r e s u l ts *  
C u rren t d e n s i ty  v a r ia t io n  a ls o  seems to  make com paratively  l i t t l e  d if fe re n c e  
when v a r ie d  f iv e fo ld *
F u rth e r  s tudy  o f d i f f e r e n t  k inds o f g la s s  and methods o f ex tending  
th e  i n t e r i o r  a re a  might give more conclu sive  re s u l ts *  One p o s s ib i l i ty  
f o r  ex ten d in g  th e  a rea  could  be e tch in g  of th e  g la ss  by hydrogen f lu o r id e  
f o r  th e  su p p ress io n  of th e  co n tim o u s  spectrum  of m olecular hydrogen*
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